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Methods Of Forming Patterned Photoresist Layers 
Over Semiconductor Substrates 

TECHNICAL FIELD 

[0001] This invention relates to methods of forming patterned 
photoresist layers over semiconductor substrates. 

BACKGROUND OF THE INVENTION 

[0002] A continuing goal in semiconductor processing is increased 
miniaturization while maintaining high performance. Modern semiconductor 
processes are still heavily reliant on photolithography when fabricating 
semiconductor circuitry to achieve this goal. 

[0003] Photolithography is a commonly-used method for patterning 
features during semiconductor processing. A radiation-sensitive material 
(i.e., photoresist) is formed over a substrate which is ultimately to be 
patterned, for example by etching or ion implanting. The photoresist is 
subsequently subjected to radiation which modifies the solubility of the 
impacted versus the unimpacted regions in a suitable developer solution. 
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Accordingly, the radiation is provided in a desired pattern so that some 
portions of the photoresist are impacted by the radiation while other portions 
of the photoresist are not impacted by the radiation. The photoresist is then 
subjected to developing conditions which selectively remove either the 
impacted or the non-impacted portions. Photoresists are typically designed 
to be either negative or positive. If the photoresist is a positive photoresist, 
the impacted portions are selectively removed. If the photoresist is a 
negative photoresist, the non-impacted portions are selectively removed. 

[0004] The photoresist remaining after development defines a patterned 
mask. The pattern of such mask can subsequently be transferred to the 
underlying material using appropriate etching and/or implanting techniques 
to form patterned features in material beneath the mask. A difficulty which 
can be encountered during photolithographic processing is that the radiation 
utilized to pattern the photoresist can be reflected from the underlying layer 
or layers to cause various constructive and destructive interference patterns 
to occur. This can adversely affect the pattern ultimately developed in the 
photoresist. 

[0005] One manner of addressing the reflective issues is to initially 
form an antireflective coating over the layer or layers to be patterned, and 
forming a layer of photoresist thereover. Further, multiple antireflective 
coating materials or layers might be utilized, as well as multiple layers of 
resist and/or non-radiation sensitive hard masking or other layers. Various 
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antireflective coating materials have been developed. Some are principally 
organic in nature, while others are principally inorganic in nature. DARC, 
which stands for Deposited Antireflective Coating, is typically understood 
within the industry to define inorganic antireflective coatings formed of 
silicon, oxygen, nitrogen and sometimes hydrogen. Another commonly used 
class of antireflective coating is BARC, which stands for Bottom 
Antireflective Coating. BARC materials are principally organic in nature. 

[0006] The continuing goal and effect of circuitry miniaturization has 
typically resulted in greater reduction in the horizontal dimension as 
opposed to the vertical dimension. In the etching of features, this has 
resulted in narrower yet correspondingly increasing height in the features 
being formed, something typically referred to as increasing aspect ratio. 
Correspondingly, the photoresist masks utilized to form such features 
typically also have increased aspect ratios. Accordingly, adherence of the 
photoresist to the underlying antireflective coating or other layers takes on 
increasing significance towards precluding displacement or toppling of the 
masking blocks formed in the patterned photoresist. Further and regardless, 
the photoresist and antireflective coating materials can interact, particularly 
during a post-exposure bake of the photoresist prior to solvent development. 
For example, material at the outer surface of the antireflective coating 
materials can migrate into the photoresist, and/or the photoresist can 
interact with material on the outer surface of the antireflective coating which 
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can, one or Ipoth, adversely affect adherence or desired control in the 
ultimate pattern produced in the photoresist. 

[0007] In most instances, it is highly desirable that the photoresist 
masking blocks which are formed have substantially vertical sidewalls from 
top to bottom of the photoresist layer. However, the patterned photoresist 
can tend to flare out at the bottom/bases of the individual masking blocks 
forming what is commonly referred to as footing. The degree of footing can 
be exacerbated by use of certain antireflective coatings, principally the 
result of interaction between the photoresist and outer surface of the 
antireflective coating. 

[0008] While the invention was motivated in addressing the above- 
identified issues, it is in no way so limited. The invention is only limited by 
the accompanying claims as literally worded, without interpretative or other 
limiting reference to the specification, and in accordance with the doctrine of 
equivalents. 
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SUMMARY 

[0009] This invention comprises methods of forming patterned 
photoresist layers over semiconductor substrates. In one implementation, a 
semiconductor substrate is provided. An antireflective coating is formed 
over the semiconductor substrate. The antireflective coating has an outer 
surface. The outer surface is treated with a basic fluid. A positive 
photoresist is applied onto the outer surface which has been treated with the 
basic treating fluid. The positive photoresist is patterned and developed 
effective to form a patterned photoresist layer having increased footing at a 
base region of said layer than would otherwise occur in the absence of said 
treating the outer surface. 

[0010] In one implementation, a method of forming a patterned 
photoresist layer over a semiconductor substrate includes providing a 
semiconductor substrate having an outer surface. The outer surface is 
treated with a basic fluid. Photoresist is applied onto the outer surface 
which has been treated with the basic treating fluid. The photoresist is 
patterned and developed to form a patterned photoresist layer. 

[0011] Other aspects and implementations are contemplated. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Preferred embodiments of the invention are described below 
with reference to the following accompanying drawings. 

[0013] Fig. 1 is a diagrammatic, cross-sectional, fragmentary view of a 
semiconductor substrate in process in accordance with an aspect of the 
invention. 

[0014] Fig. 2 is a view of the Fig. 1 substrate fragment at a processing 
step subsequent to that shown by Fig. 1. 

[0015] Fig. 3 is a view of the Fig. 2 substrate fragment at a processing 
step subsequent to that shown by Fig. 2. 

[0016] Fig. 4 is a diagrammatic, cross-sectional, fragmentary view of a 
prior art semiconductor substrate processed in contrast to the Fig. 3 
substrate fragment. 

[0017] Fig. 5 is a diagrammatic, cross-sectional, fragmentary view of a 
semiconductor substrate in process in accordance with an aspect of the 
invention. 
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[0018] , Fig. 6 is a view of the Fig. 5 substrate fragment at a processing 
step subsequent to that shown by Fig. 5. 

[0019] Fig. 7 is a view of the Fig. 6 substrate fragment at a processing 
step subsequent to that shown by Fig. 6. 
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DETAILEP DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0020] This disclosure of the invention is submitted in furtherance of the 
constitutional purposes of the U.S. Patent Laws "to promote the progress of 
science and useful arts" (Article 1, Section 8). 

[0021] A method of forming a patterned photoresist layer over a 
semiconductor substrate is described initially with reference to an exemplary 
embodiment as depicted in Figs. 1-3. Referring initially to Fig. 1, a wafer 
fragment 10 comprises a semiconductor substrate 12. In the context of this 
document, the term "semiconductor substrate" or "semiconductive substrate" 
is defined to mean any construction comprising semiconductive material, 
including, but not limited to, bulk semiconductive materials such as a 
semiconductive wafer (either alone or in assemblies comprising other 
materials thereon), and semiconductive material layers (either alone or in 
assemblies comprising other materials). The term "substrate" refers to any 
supporting structure, including, but not limited to, the semiconductive 
substrates described above. Further, the term "layer" encompasses the 
singular and the plural unless otherwise indicated. Accordingly, 
semiconductor substrate 12 might comprise multiple different materials 
and/or layers which may include, by way of example only, bulk 
semiconductor materials and/or semiconductor-on-insulator layers. 



MI22\2380WP02.doc 



8 



" Docket No. MI22-2380 ' 

[0022] , An, antireflective coating 14 is deposited over semiconductor 
substrate 12. Antireflective coating 14 has an outer surface 16. Outer 
surface 16 could be organic, alternately inorganic, or a combination of 
organic and inorganic. Exemplary inorganic materials, and by way of 
example only, include various DARC materials as described above. 
Exemplary organic materials include the above-described BARCs. The 
invention was reduced to practice utilizing DongJin A20 BARC available 
from the DongJin Semiconductor Company, Ltd. of Kyungki-do of South 
Korea. However, of course, any material for outer surface 16 is 
contemplated, whether existing or yet-to-be developed. 

[0023] Outer surface 16 is treated with a basic fluid exemplified by the 
depicted downwardly directed arrows 18. The basic treating fluid might be 
liquid, gaseous, or a combination of liquid and gaseous. In the context of 
this document, a basic treating fluid which is "liquid" or "gaseous" 
constitutes at least 95% of such phase. Regardless, in one preferred 
implementation, the basic treating fluid has a pH of at least 8.5, and more 
preferably a pH of at least 10.5. By way of example only, exemplary 
preferred basic treating fluids include tetramethyl ammonium hydroxide, 
potassium hydroxide, sodium hydroxide, ammonium fluoride, and aqueous 
alkylamine fluids. Specific exemplary alkyl amines include ethylamine, 
cyclohexylamine, and methylbutylamine. Of course, various combinations or 
mixtures of the stated, or other materials, might also be employed. 
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[0024] , Th.e treating might be conducted under room ambient 
temperature and room ambient pressure conditions with the basic treating 
fluid thereat, although temperatures and/or pressures above and/or below 
room ambient conditions are also of course contemplated. Accordingly, any 
combination of pressure and temperature might be employed. Any time of 
treating can be employed, with 2 minutes or less being one preferred 
example, and 1 minute or less being a more preferred example. Such might 
be dependent upon pH, treatment pressure, treatment temperature, etc. in 
conjunction with being effective to obtain some desired objective from the 
treating. 

[0025] Referring to Fig. 2, a positive photoresist 18 is applied onto 
outer surface 16 (meaning in contact therewith) which has been treated with 
the basic treating fluid. An exemplary, and reduction to practice material 
was AR360 available from the Shipley Company of Marlborough, 
Massachusetts. Any desired suitable thicknesses can be utilized for 
layers 14 and 18. By way of example only, an exemplary thickness range 
for layer 14 is from 300 Angstroms to 800 Angstroms, with an exemplary 
thickness range for layer 18 being from 2000 Angstroms to 3350 Angstroms. 

[0026] Referring to Fig. 3, positive photoresist 18 has been patterned 
and developed effective to form a patterned photoresist layer 18a. As 
depicted, layer 18a can be considered as having a base region 20 where the 
depicted footing commences. In accordance with one aspect of the 
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invention, the. outer surface treating with the basic fluid results in the 
patterning and developing of the positive photoresist being effective to form 
the patterned photoresist layer to have increased footing at the base region 
of said layer than would otherwise occur in the absence of treating the outer 
surface with a basic fluid. For example, Fig. 4 depicts a prior art 
construction identical with the Fig. 3 construction and processed in 
accordance therewith identically but for treating of outer surface 16 of 
antireflective coating 14 with a basic fluid. Fig. 3 depicts greater degree or 
increased footing than occurred relative to the Fig. 4 processing. 

[0027] In one preferred implementation, outer surface 16 is at least 
partially dried intermediate the basic fluid treating and the application of 
positive photoresist, and even more preferably completely dried intermediate 
the treating and photoresist applying. Further preferably in one preferred 
embodiment, outer surface 16 is not exposed to any liquid intermediate the 
basic fluid treating and the application of positive photoresist. For example, 
and preferably, outer surface 16 is allowed to dry under ambient or elevated 
temperature conditions without any intervening spraying or even rinsing with 
deionized water over outer surface 16. Alternately but less preferred in an 
aspect of the invention, the outer surface might be treated with other fluids 
(for example which may be aqueous, non-aqueous, pH neutral, pH below 7, 
gaseous, liquid, etc.) intermediate the basic fluid treating and the application 
of photoresist. Further, outer surface 16 might be treated multiple discrete 
times with the same or different basic fluids. Regardless, treatment of a 
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surface with a, basic fluid prior to photoresist application in accordance with 
the invention might be for any purpose, including for yet to-be-determined 
purposes, reasons or objectives. An existing purpose might be to consume 
known or unknown reactants present on the surface being treated which 
might otherwise adversely affect same aspect of the subsequent photoresist 
processing. 

[0028] The invention was reduced to practice, for example, in 
conjunction with inventive processing depicted by Fig. 3 relative to a series 
of control wafers depicted in Fig. 4. The control and inventive wafers were 
identically processed, but for treatment with a basic fluid to outer surface 16 
prior to application of a photoresist layer thereover. The antireflective 
coating material utilized was the DongJin A20 BARC, with the photoresist 
being AR360 positive Shipley photoresist. The basic fluid utilized was liquid 
tetramethyl ammonium hydroxide having a pH of 10.9. Such was puddled 
atop outer surface 16, with the basic fluid and substrate being at room 
ambient temperature and pressure conditions. After approximately 60 
seconds of such treating, the substrates were spun to substantially expel the 
liquid from outer surface 16. Such outer surface was then allowed to 
completely dry in an amine scavenging ambient prior to application of the 
Shipley A360 photoresist. Upon radiation exposure and develop, the widths 
of the masking blocks were measured at multiple elevations for determining 
ratios of a width at the middle illustrated portions of the masking blocks of 
Figs. 3 and 4 as compared to the widest portions at the feet of such masking 
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blocks. The control wafers as depicted in Fig. 4 provided an average ratio 
of foot width to middle width of 1.504, whereas the substrates processed in 
accordance with the invention had an average ratio of foot width to middle 
width of 2.060, thereby demonstrating increased degree of footing. 
Treatment with the basic fluid might enhance adhesion of the photoresist to 
an antireflective coating, and/or increased footing can result in a greater 
area of adhesion to an antireflective coating which might be significant in 
preventing masking blocks with large aspect ratios from toppling. 

[0029] The invention was principally developed and directed to the 
issues and substrate constructions for example as generally described 
above. However, the invention is in no way so limited and may have 
applicability in other aspects and implementations. For example, processing 
might occur as described above utilizing an antireflective coating with a 
basic fluid treatment and independent of whether increased footing occurs 
as compared to non-basic fluid treated antireflective coating surfaces. 
Further by way of example only, the invention is applicable to treatment of 
substrates which do not necessarily have antireflective coatings, and 
accordingly, might even be highly reflective or transmissive of the incident 
radiation utilized to pattern the photoresist. Regardless, by way of example 
only, the treated outer surfaces might comprise silicon oxide materials, for 
example, boron and/or phosphorous doped silicon dioxide glasses. 
Alternately by way of example only, the treated outer surfaces might 
comprise a nitride, such as silicon nitride or titanium nitride. Further, by way 
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of example only, the outer surface might comprise a material such as silicon 
carbide which has previously been used as a hard masking material in 
multilayer resist systems. 

[0030] Further and regardless, the invention has applicability to use 
with negative photoresists in addition to positive photoresists, and 
regardless of use of an antireflective coating. Figs. 5-7 depict an 
implementation and a method of forming a patterned photoresist layer over a 
semiconductor substrate in accordance with an aspect of the invention. 
Referring initially to Fig. 5, a semiconductor substrate 30 has an outer 
surface 32. Such might comprise an antireflective material, a highly 
reflective material, or a light transmissive material relative to incident 
radiation ultimately to be utilized in fabricating a photoresist layer. Further, 
semiconductor substrate 30 comprises material 34 which may constitute one 
or more layer or layers of insulative, conductive, and/or semiconductive 
materials which might be homogenously or non-homogenously distributed. 
Regardless, outer surface 32 is treated with a basic fluid as depicted by 
downwardly directed arrows 36. The basic fluid treating is preferably in 
accordance with any of the attributes described above with respect to the 
first embodiment, and as claimed herein. 

[0031] Referring to Fig. 6, photoresist 38 has been applied onto outer 
surface 32 which has previously been treated with the basic treating fluid. 
Attributes are preferably as described above, and as claimed herein. Again, 

MI22\2380WP02.doc 14 



■ Docket No. MI22-2380 ' 

reflective, antireflective, or radiation transmissive materials might be utilized 
above or below layer 38, and layer 38 might constitute one or a combination 
of positive and/or negative photoresists, as well as other layers which might 
not be radiation sensitive. 

[0032] Referring to Fig. 7, photoresist 38 has been patterned and 
developed to form a patterned photoresist layer 38a. Etching of material 
beneath layer 38a f or ion implanting or other processing whether existing or 
yet-to-be developed, could then be conducted through openings formed in 
layer 38a. 

[0033] In compliance with the statute, the invention has been described 
in language more or less specific as to structural and methodical features. 
It is to be understood, however, that the invention is not limited to the 
specific features shown and described, since the means wherein disclosed 
comprise preferred forms of putting the invention into effect. The invention 
is, therefore, claimed in any of its forms or modifications within the proper 
scope of the appended claims appropriately interpreted in accordance with 
the doctrine of equivalents. 
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